Abstract
Introduction
In Europe, many significant large urban regions have their origins from nineteenth and twentieth century developments of industry and mining. The largest European urban conurbations of this kind are the Ruhr region in Germany, Nord/Pas-de-Calais on the border of France and Belgium, the Ostrava region in the Czech Republic, Donbass in Ukraine, or the Upper Silesian Coal Basin and the Dąbrowa Basin in Poland. In most cases, these are polycentric regions, defined as urban conurbations here. The functioning of such regions, determined by industrial and mining sectors, makes them economically and spatially specific. Another characteristic feature of such regions is that the dynamics of transformations are defined not only with regard to path dependence, but also with the variability and evolution of the process of industrialisation itself.
Both spatial and temporal attributes of conurbations significantly differ from those characteristic of monocentric urban agglomerations whose development was based on mixed functions: service, trade and production, frequently strengthened by administrative functions, in particular, capital cities. London, Paris and Moscow, as well as Prague, Warsaw, and Stockholm, provide good examples of such agglomerations.
Another type of urban region is the polycentric agglomeration, whose development is an effect of their geographical proximity to even larger cities (Parr, 2004; Meijers, 2008) . Such systems have a complex functional genesis, and the nature of the development of the towns that form them is determined by production, as well as by services and administrative functions. Randstad Holland or the Saxony triangle in Germany (Kloosterman and Lambregts, 2001; Hudec and Urbančiková, 2008; Franz, 2010) can be mentioned here.
The genesis of urban agglomerations, however, is only the initial phase of their existence. The functional identity of a given agglomeration converges with later stages of development only when the functional component which brought them into existence is relatively permanent. This is particularly visible in the large industrial-mining conurbations.
Functional transformations are also evident today. They follow at least two opposing directions and are conditioned by either centrifugal or centripetal forces (Krugman, 1997; Krzysztofik, 2014) . Changes in the functional character of European agglomerations have been visible since at least since the mid-twentieth century. On the one hand, there has been a strengthening of the potential of the monocentric agglomerations and those polycentric ones whose development was the effect of the convergence of urban areas of larger towns. On the other hand, there is a decomposition of the functional basis of those urban regions whose development depended on a strong industrial function, in particular mining (Domański, 2003; Birch et al., 2010; Neffke et al., 2011) . In the research literature, explanations of the functional changes in regions with mining and industrial genesis have been correctly based on processes of de-industrialisation, including closures of industries and their re-structuring. This aspect has been emphasized in numerous explanatory studies and multi-regional studies (Scott, 1982; Hamilton, 1984; Scott and Storper, 1987; Lever, 1991; Strangleman, 2002; Steiner, 2003; Müller et al., 2004; Lux, 2009; Musil, 2010; Coenen et al., 2014 ).
An equally important role in explaining these transformations has been played by analyses of specific regions traditionally perceived as industrial or postindustrial, such as Ruhrgebiet (Knapp, 1998; Van Dijk, 2002; Eckart, 2003) , the Ostrava region (Sucháček, 2005 (Sucháček, , 2010 Hruška-Tvrdý, 2010; Rumpel nad Slach, 2012) , Donbas (Swain, 2007) , Nord/Pas-de-Calais (Leboutte, 2009) , the Katowice conurbation (Klasik and Heffner, 2001; Tkocz, 2001 Tkocz, , 2003 Domański, 2002; Mikołajec, 2008) and others (Cooke, 1995; Hassink and Shin, 2005; Trippl and Otto, 2009; Wirth et al., 2012) . Although research results and conclusions in some of these works are diverse, as a whole they form the bases for a critical analysis of the issues under discussion here. Hence, the critical analysis of some case studies and existing theoretical explanations constitute further generalisations made in this contribution.
With reference to the functional changes taking place in the Katowice region (see Fig. 1 ), which is analysed in this article, an attempt is made to define the region's character using the taxonomy suggested by Phelps and Ozawa (2003) , as pre-industrial, late-industrial and post-industrial stages. Black Country) and Liège (Liège Coal Basin); . Gliwice,  Knurów are the case studies used in this paper. Sources: Author's elaboration.
Fig. 1: The Katowice conurbation -location and administrative divisions
The use of this categorisation is dictated by the fact that it includes both dynamic and functional aspects of possible explanations. Another advantage is that, to a large extent, it concerns regions forming urban conurbations based on mining and industrial sectors.
The relations between industrialisation, deindustrialisation and re-industrialisation are subject to review initially. It has been assumed that these processes provide key contexts for defining the region as one at the late-industrial and post-industrial stages. Considering the issue of re-industrialisation, broadly understood as a renewed development of industrial functions, however, there appears to be a certain conceptual dissonance. Therefore, the basic aim of this article is to question whether the process of reindustrialisation undermines the validity of describing the region as late-industrial or, perhaps even more so, as postindustrial. Is there another stage of the transformations? If so, what is its nature? Some new proposals are formulated in response to these questions on the specific nature of functional transformations in regions whose genesis was based on industrial and mining functions.
Theoretical background

Mechanisms of development
The research problems discussed here are situated at the interstices between urban and economic geography and the new economic geography. On the one hand, the paper interprets the evolution of an urban conurbation; on the other, it stresses the role of economic factors in its continuity and structure. This seemingly well-known system of dependencies demands, however, further research, as has been recently pointed out by Gwosdz and Sobala-Gwosdz (2012) .
The necessity of a more general background against which urban forms and functions should be considered is a first consideration. In this respect, a useful approach is the one assuming the basic role of centripetal and centrifugal forces in shaping the socio-economic and spatial system of regions (Krugman, 1997) . Each of the above-mentioned forces, which are also city-forming forces, can predominate in a given area and place. They can also, particularly at present, balance each other. Assuming that the Katowice conurbation discussed in this article has been created by centrifugal city-forming forces (Gwosdz and Sobala-Gwosdz, 2012; Krzysztofik, 2014) , their contemporary weakness, and in some places disappearance, constitutes a key framework for explaining the spatial imbalance of the industrial potential of the region. But the weakness and disappearance of the socioeconomic attributes defining each of the city-forming forces do not always mean that the gap will be filled by attributes represented by the opposing type of city-forming forces. In practice, frequently the former traditional attribute, for example an obsolete industrial plant, is replaced by a new attribute -a modern industrial plant from another sector of industry. Functionally, they both represent the consequences of the influence of the same city-forming forces, in this case centrifugal ones.
The centrifugal city-forming forces in the Katowice region were visible in the mass exploitation and production of material goods exported beyond the local resources, which led to several important effects:
• the emergence of a network of city-forming points near industrial and mining facilities;
• an intra-urban, strongly specialized economic base, generally independent from supply and demand in the rural or less-urbanized surrounding region (as in central place theory formulations, for example). Bituminous coal or goods produced by the processing industry were exported to any place in Europe or the world, depending on the demands of supra-local markets. A part of coal or steel production was used in situ as an element of a longer cycle of manufacturing, whose products finally were exported outside the region. Relations between the town and other regions (as markets) outside the region dominated those between the town and the surrounding region (with the exception of the above-mentioned endogenous connections in industry); and
• the creation of a system of centrifugal city-forming forces determined by centrifugal systems of the economic bases of the towns in the conurbation.
If the impact and interactions of city-forming forces in a region are determined in every region predominantly by the size and structure of the economic potential (Krugman, 1997) , it can be assumed that in heavily industrialized and mining regions this attribute is definitely the determining one. Today, however, the economic development of regions with traditional industries in Central-Eastern Europe tends to be influenced by three processses: (1) the continued functioning of industrial plants constructed in the industrial and lateindustrial stages, which is occurring mainly in the mining industry and large industrial plants from other sectors with more than 1000 employees; (2) re-industrialisation based on new industrial plants, frequently based on investments representing sectors that are new to the regions, and they are often situated in special economic areas or functionally derelict areas, including brownfields; and (3) investments in the service sector, particularly large area investments (trade, logistics) and to a lesser extent in R&D sector investments (Gwosdz, 2014; Klasik, 2008; Popjaková et al., 2014) .
The question of post-industrialism with a special focus on Phelps and Ozawa's concept
This listing of business ventures determining the development of formerly strictly mining or mining-industrial regions in Central-Eastern Europe, stresses three of the theoretical issues defined by Phelps and Ozawa (2003) .
Firstly, these regions are in the final stages of their late-industrial or post-industrial evolution or relatively somewhere in between these stages. Phelps and Ozawa (2003) correctly phase this evolution, pointing out some classical directions of changes in the functional database already existing in geographical space, which generally can be determined by the phrase: from industry to services. Also, in most cities in the Katowice region examined in this article, the service function dominated the industrial function.
Secondly, an essential feature of the post-industrialism of old industrial districts should be pointed out, which Phelps and Ozawa (2003, p. 593-594) believe to be the borrowed size of towns 1 . As shown in further explanation below, this element of the evolution of changes in the post-industrial region is again characteristic for the analysed conurbation. 2 The terms "exogenous functions" and "endogenous functions" are used in the context of traditional economic base analysis.
3 There should be a public discussion about expected types of industry in Gliwice and Katowice and also a question of future development of some investment areas -whether they should develop towards industry or services?
The third issue related to the Katowice conurbation, as in many other cases, is the fact that post-industrialism, understood as a functional change, is accompanied by two more phenomena: re-industrialisation and urban shrinkage combined with de-industrialisation. The effect of the former is a restriction on the increasing role of services in relation to industrial functions (see Gwosdz, 2014) . The effect of the latter is an overall decrease of the region's economic potential, accompanied by de-urbanisation and de-industrialisation .
Those regions in Central-Eastern Europe that are traditionally described as post-industrial have been shown to undergo the following changes: a. change in functional structure due to the increasing role of services at the cost of the industrial functions (postindustrialism);
b. some continuation of still significant potential of mining and traditional industry (late-industrialism);
c. attempts at re-introducing industrial functions, often unrelated to the structure of industry sectors (reindustrialism); and d. the disappearance of all exogenous 2 functions (exogenous services, industry, mining) with a simultaneous exposure of endogenous functions (complete de-industrialisation, de-urbanisation and urban shrinkage).
Taking into account the above-listed changes, one should ask whether the regions should be treated as 'postindustrial' in the literal sense of the word. The dissonance is particularly noted in the interaction between temporallyand spatially-identical post-industrialism (point a), lateindustrialism (point b) and re-industrialism (point c), with Sosnowiec providing one of the more interesting examples in the Katowice conurbation (Krzysztofik et al., 2013) .
The question of re-industrialisation
A separate issue in considering re-industrialisation in the context of post-industrialism is the question about the future development paths of large industrial regions. Generally, one can notice that a gradual disappearance of traditional industries is constantly balanced by industrial investments based on new and medium-advanced technologies (Borowik, 2014; Westkämper, 2014 ). An important role here is performed by the search for a new spatial policy 3 for the development of industry, as well as by the placement of the policy of re-industrialisation in the canon of EU economic development.
A slightly different economic-spatial policy with regard to re-industrialisation can be observed in Russia, for example, where, alongside the need to create new industries, particular attention is paid to the strong need for technological and organisational modernisation of traditional industrial centres, in particular of the electrical and machine industries (Schuysky, 2013; Dubenetskii, 2014) .
At this point, however, the issue of the re-industrialisation model should be addressed. The essential question in this context is whether the development of new businesses in the Katowice region meets the criteria for one of the four developments of the concept of New Industrial Districts (NID) proposed by Markusen (1996) , or does it rather adopt an individual model of development? Markusen (1996, p. 296 ) distinguished four forms of industrial districts: The Marshallian NIDs, including the Italian form; "the huband-spoke" districts; the satellite industrial platforms; and the state-centred districts. The division was later extended and improved by Pickernell et al. (2007) and Cornell (2013) . Referring to this typology, the initial thesis may be that the development of re-industrialisation in the Katowice region is closest to "the hub-and-spoke" model. This model for the Katowice conurbation, however, has its own characteristic features, as discussed below.
De-industrialisation and re-industrialisation of the region after 1989
The emergence of a highly urbanised conurbation in the south of Poland was connected with bituminous coal mining and the steel industry (Riley and Tkocz, 1999) . By the end of the nineteenth century, the core of the contemporary urban region was formed, and by the middle of the twentieth century town charters were given to all towns in the region. The urbanisation of the region included the spatial development of settlements near or next to the largest coal mines, steelworks, and industrial plants. Since the mid-twentieth century, this network of often loosely connected settlements began to integrate into a system of large (over 100 thousand inhabitants) and medium-size towns. The last stage of integration took place in the 1970s (Gwosdz, 2014; Krzysztofik, 2014) .
De-industrialisation
The first symptoms of an economic crisis in the region's industries were noticed already in the 1980s, but it was only in the 1990s that a number of radical changes took place (Fig. 2) . Except for the automotive and power engineering industries, these changes consisted in closing down and restructuring industrial plants. All sectors underwent commercialisation and privatisation. The automotive industry and power engineering did relatively well -all of the larger plants in these sectors were modernized and expanded -but the overwhelming majority of local traditional industries suffered dramatically. Most bituminous coal mines were closed down or merged, and the steel industry was thoroughly restructured: steelworks with 2-4 thousand workers were turned into metallurgical plants with less than 1,000 employees, and some (Gliwice) were closed down. In 1980, there were over 20 thousand people employed in Huta Katowice (Arcelor Mittal) in Dąbrowa Górnicza; after 2010, there were only some 5,000, including those employed in companies working for the steelworks. Light industry disappeared almost completely: out of six big production plants, four were closed down and the other two were thoroughly restructured. Similarly, nonferrous metals industries, coking, chemical and mineral industries underwent restructuring. A significant number of plants in the metal, machine, and electro-technical sectors went bankrupt, including those constructed in the 1970s.
The de-industrialisation of the region is a continuous process which was particularly intense in the period between 1994 and 2004. At that time, all features of deindustrialisation were visible: the highest number of large 46 and medium-size companies was closed down; the highest number of employees were fired or sent on holidays; the greatest decline in manufacturing sales; and the largest decreases in profitability were noticed. In this period, the number of jobs in industries was reduced by as much as 400 thousand in the region. According to Tkocz (2003, p. 38) , about 280,000 people left the coal mining sector in southern Poland due to the closure of 29 coal mines and job restrictions in other mines. More than one half of this number refers to the Katowice conurbation.
Re-industrialisation
Since the early 1990s, the restructuring and closure of industries in the Katowice conurbation have been accompanied by the re-industrialisation of the region. Re-industrialisation is the effect of the expansion and modernisation of some existing industrial plants on the one hand, and on the other, of new industrial investments in brownfields and blackfields, as well as in greenfields. The core elements of re-industrialisation have been investments in the automotive industry, with the expanded and modernized plant in Tychy (Fiat Auto Poland) and the brand new plant in Gliwice (Opel production) becoming centres of the development in the sector. Investments in the automotive industry in the Czech Republic and Slovakia have also played an important role (e.g. Volkswagen, Hyundai, Toyota, Kia, Peugeot). Many plants have been created in the Katowice region to cater for the needs of the automotive plants in these three countries and, although they work for various concerns, it should be stressed that most of them cooperate with plants located in Poland (for example, Magneti Marelli).
From this point of view, the essence of the development of the automotive industry in the region of Katowice, but also in the Silesian Province more broadly, is relatively well captured in the concept of New Industrial Districts (NIDs) presented by Markusen (1996) . To specify, from the structural point of view, it presents "the hub-andspoke" model highlighted by Markusen, although not in all industries. From a functional point of view, however, the "satellite platform" model is closer to real connections. Such a differentiation does not exclusively refer to the Katowice conurbation, but it may constitute a more general remark to the issue of development of some branches of industry (i.e. automotive) in Central and Eastern Europe (Ženka et al., 2015, p. 69) .
The "hub-and-spoke" model emphasises the priority of the local system for the needs of a large manufacturing plant, as a network of smaller suppliers is formed. At the same time, the corporate and ownership dependence here it is not always an obstacle, at least in the case of new industry in the Katowice conurbation. It should be emphasised, however, that this model can only be applied to describe the automotive industry in the region. It is rarely representative of the newlyestablished plants of other industries not directly related to the automotive, such as the electro-technical, machine, mineral, chemical or meat industries. Their location is relatively casual and attractive forces were agglomeration economies and economic, legal and administrative profits resulting from the location in the Katowice Special Economic Zone (the KSEZ), or other privileged local economic zones. Most brand new large industrial plants were built in Gliwice and Tychy (greenfields type investments), Sosnowiec (brownfields), Katowice (brownfields), Dąbrowa Górnicza (brownfields), Siemianowice Śląskie (greenfields and brownfields). This quite specific location of new investments clearly reflects what is contained in the scientific metaphors of Markusen: "sticky places in slippery space" or even the "borrowed size of towns" proposed by Alonso. These issues are expanded in the following section.
The re-industrialisation of the region also consisted of a significant expansion and modernisation of certain industries traditional to the region. A brand new image has been given to the local large coal-fired power stations, in particular the "Łagisza" power station in Będzin and Chorzów, and "Jaworzno II" and "Jaworzno III" in Jaworzno. The coke plant "Przyjaźń", the largest in the region, has been modernized. A significant part of the process of re-industrialisation is based on small and medium-sized companies of all sectors in all towns of the conurbation. The nature and investment policy of these companies vary: some of them function in the privileged KSEZ, some have built new plants outside the zone, and others use the buildings, sometimes modernized, of formerly existing companies. 
Introduction
In comparison to large monocentric agglomerations, the conditions for industrial development in polycentric conurbations are relatively good. Here, services naturally limit the role of industry and push it outside the town. The process is facilitated by rent land rates, which are higher in the centre and much lower in the peripheries. In the case of large area investments, this significantly restricts development in the centre of the town, and not infrequently in the town itself. Generally, in such agglomerations industry is less competitive than services, particularly when its peripheral location runs the risk of limited transport accessibility.
Due to polycentricity, in urban conurbations the crosssection level of land rents is shaped like a wave. The value of land rent on the transverse axis increases near city centres and decreases away from them (Fujita, Thisse, 2002, p. 201-209) . The differences between the crest of the wave and its base are not, however, as great as in the case of the centre of a monocentric agglomeration and its periphery. The inner-city niches of the location economies that appear in conurbations constitute an important element attracting new industries. Their advantage is also the fact that they are densely populated and have good transport facilities (the factor of job market accessibility).
Due to the dynamics of urbanisation and industrialisation, there are many brownfields and other investment areas available. With respect to re-industrialisation, the fact that they are owned by one or, less frequently, two or three persons is another advantage. Taking into account the often fragmented ownership of greenfields in the suburbs, this is a potential asset.
This seemingly unusual phenomenon derives from the fact that many investors expect a rapid start for their business activities. Hence, they are willing to bear greater financial expenditures on regeneration and decontamination of a brownfield belonging to one legal institution (entity) 4 , rather than wrestle with the purchase of a dozen or dozens of smaller greenfield plots. Due to the fact that some small plot owners are not interested in selling them, and some other plots have an unresolved legal status, as a result, the investment process becomes extended in time, which frequently and often ultimately discourages potential investors.
5
On the other hand, the re-industrialisation of such regions may be limited by the excessive degradation of post-industrial areas and by too heavy urbanisation (here: residential functions), which may hamper the development of industrial functions. As the example of some cities in the Katowice conurbation demonstrates, however, re-industrialisation can be successful, particularly in areas were the disadvantages of the conurbation were minimized by locating industries within its borders.
De-industrialisation and re-industrialisation in the Katowice region are uneven processes: i.e. many towns are still at the late post-industrial stage while others are at the post-industrial stage (Fig. 3) .
To be precise, in 2010, there were only five typically industrial cities, where the number of employees in industry exceeded 55% (Bieruń, Knurów, Lędziny, Łaziska Górne, Miasteczko Śląskie). In two cases -Dąbrowa Górnicza and Jaworzno -industry and services employ a relatively similar number of people (45-55%). In most cities, however, the percentage of employees in industry decreased to below 40%, often even below 30%. For example, in the years 1989-2010, the employment share in industry in Będzin fell from 70% to 25%, in Mysłowice from 80% to 34%, and in Świętochłowice from 70% to 33% (CSO data, 2011).
Apart from this, as already mentioned, a key element in the process of economic transformation is its reindustrialisation, which is most preferably presented based on the models of the "borrowed size of towns" and "sticky places in slippery space". Both models indicate an unevenness of development of the region conditioned by the local inter-city competition. Determinants of competitive advantages are many, ranging from administrative and academic functions, good transport accessibility, traditions for development of certain industries in a particular city, with a final emphasis on the role of local actors and on the creativity of municipal government and local leaders. The result is the apparent economic success of some cities compared to the failures of others. The "oversized" cities in this respect certainly include Gliwice and Tychy, and among the smaller towns -Siewierz. All three of these centres also meet the criteria of sticky places in the region. The example of Gliwice is discussed later in this section. At this point, the growing role of this city, not only in the Katowice conurbation but also in southern Poland, will be highlighted. These differences are reflected quite well in Fig. 3 . Bytom is placed on the opposite side: twenty years ago, it was one of the largest industrial centres in Poland, and today, due to strong de-industrialisation, it is the most problematic city in the country.
A characteristic feature of the spatial differentiation of new investments is the fact of their peripheral locations. In the centre of the region, a clearly visible slippery space developed. The situation is particularly unfavourable in the central-western part. While in the south-eastern part the term "slippery space" (towards new industrial investments) is mitigated by the functioning of traditional industries, in the central-western part it is associated with fairly advanced de-industrialisation.
In order to explain the essence of the changes in the industrial structure of the Katowice conurbation, the cases of three cities: Gliwice, Knurów and Bytom, which represent the most common types of industrial transformations in the region, are presented below.
The case of a re-industrialised city -Gliwice
Until 1990, the town of Gliwice was based on industries and services. The key sectors were bituminous coal mining (two large mines), the steel industry (two steelworks), and metal, electro-technical, and chemical industries. As a result of economic transformations, one mine and one of the steelworks have been closed down. The steelworks and metal plant have been thoroughly restructured. The plants from other sectors built before 1990 have been almost completely restructured or closed down. The new stage of economic development of the town began with the establishment of the KSEZ investment areas and the flagship investment in Gliwice -an Opel automotive plant (currently General Motors Manufacturing Poland). The automotive plant and favourable local conditions, such as the availability of higher professional education (Silesian Polytechnic University) and a very good transportation network (a highway junction, an important railway hub, an inland port), stimulated the inflow of new investors from the industrial and service sectors. A key role in the industrial sector is held by automotive industry (including Deadong, General Motors, HP, Kirchoff, Nexteer, NGK Ceramics, Plastic Omnium Auto, Tenneco Automotive, and TRW Braking Systems).
Companies located in Gliwice are closely linked to General Motors Manufacturing Poland, as well as other automotive factories in the CEE. The essence of the "oversizing" of Gliwice as a centre of industry was not so much the creation of a special economic zone or a large number of cooperating plants, as the strengthening of a company that would be stimulating the economy and boost the influx of new companies in the automotive industry. Positive feedbacks were reported quickly as Opel accelerated the development of plants producing components. These, in turn, perpetuated the status of the Opel's Polish factory in the global structure of General Motors. Both the development of the Opel factory and the cooperating companies actuated the expansion of the special economic zone, also for other industries. Gliwice, in the early 2000s, became the most recognisable sticky place in the Katowice conurbation, struggling with restructuring and the liquidation of traditional industries.
Re-industrialisation of Gliwice at the turn of the twenty-first century meant that the city, like no other in the Katowice conurbation, is the antithesis of the postindustrialism concept in the analysed region. Even though in the period 1989-2010, the number of people employed in industry decreased from 64.5 thousand to 38.8 thousand, the share of the industry decreased only from 65% to 42%.
6 This is a relatively small rate of decline in relation to many cities in the region, Poland and CEE. The growing importance of services based largely on logistics is closely connected with the local industry and endogenous services aiming at meeting the needs of residents. The fundamental importance in the economic development of Gliwice, however, was absolutely given to new industries. Taking into account the typology of the evolution of industrial regions proposed by Phelps and Ozawa, the city is difficult to define in the context of
Fig. 3: Types of industrialisation dynamics in towns of the Katowice conurbation (Legend: 1 -towns with almost exclusively new or radically modernised industrial plants. Old industries have been replaced by new ones; 2 -towns whose economic structure is dominated by traditional industries. Lack of new industrial investments; the development of the city is based on traditional industries; 3 -towns in which new industrial plants are developed alongside the existing old industrial plants which have completed the process of restructuring. Old industries are replaced or balanced by new industrial investments; 4 -towns in which most traditional industries plants have been closed down, but in which new industries have not been developed; 5 -towns in which traditional industries plants have been completely closed down and new industries have not been developed; 6 -towns with no industrial function or with a limited industrial function in the past and at present) Source: authors
the suggested late-industrial or post-industrial stages. On a regional scale, Gliwice represents the type of city whose evolution is opposed to the one-way evolution visible in Phelps and Ozawa's model.
The case of a post-industrial city -Bytom
The situation in Bytom is completely different from that in Gliwice. Until the end of the twentieth century, Bytom was one of the largest mining and industrial centres in the region and was dominated by bituminous coal mining, the steel industries and other companies working for mining and heavy industries in the region. The "Bytom" clothing company was a well-known brand.
The depletion of deposits and the economic and structural problems of the Polish mining industry at the turn of the century led to the closure of most of the mines, and the closure and restructuring of steelworks. In 2015, only one large coal mine (about 1.5 thousand employees) and a small one (0.2 thousand employees) were functioning. The larger coal mine will be closed in the future.
At present, Bytom is the best example in Poland of a town affected by de-industrialisation. Except for the restructured steelworks, a power plant and the soon-to-be closed coal mine, there are no large and medium-sized industrial plants. The town has experienced the drastic results of urban shrinkage (rapid depopulation, the highest number of unemployed in the whole region, and the most serious social and spatial problems in the administrative territory of the town). Urban shrinkage and the strong inter-town competition in the Katowice conurbation resulted in a relatively weak development of exogenous, pro-development services. Services are predominantly endogenous. In KantorPietraga's (2014) system of depopulating and shrinking towns, Bytom is described as "a functionally useless town."
Bytom is a classic example of highly advanced postindustrialism. In contrast to Gliwice, no clear reindustrialism processes have taken place here. The employment in industry is in a steady decline. After the liquidation of mining, the share of industrial employment is going to fluctuate around 20-25% (almost exclusively small and medium-sized companies). From the point of view of the metaphor "sticky places in slippery areas", Bytom clearly represents the latter type of geographical space. The term "slippery" in reference to Bytom was even strengthened by Gwosdz (2012) , with the application of the term of "leaping" through the expected stages of postindustrialism, and, specifically in this case, mitigating the resulting problems by the potential new projects connected with services or production. Undoubtedly, the most serious mistake of the economic policy towards Bytom was the too late (2014) (2015) inclusion of selected investment zones into the structure of the KSEZ -the most dynamic actor on the regional economic scene.
The case of a (still) industrial city -Knurów
The genesis and development of Knurów are linked to bituminous coal mining. The economic base of the town was formed by two mines: "Knurów" and "Szczygłowice," currently organisationally joined as KWK -"Knurów-Szczygłowice." In this century, the obsolete coke plant was closed down. Local chemical industries have been thoroughly restructured. Knurów is one of the most interesting examples of a town in the Katowice region where, despite the closure and restructuring of two larger industrial plants (the coke plant and the industrial plants), traditional industries (coal mining) continue to stabilize economic development. In 2010, 59% of all the employed in Knurów consisted of people employed in industry. Thus, this town is one of the places which make it difficult to use the term "postindustrial" to describe the Katowice region. In the taxonomy proposed by Phelps and Ozawa, the development of the town should be described as situated between the industrial and late-industrial stage.
This city is located in the peripheral zone of Gliwice and it represents a typical example of a slippery space. Even though Knurów is located on a major A1 highway, the strong competition of Gliwice deprives the place of the possibility of re-industrialisation on a broader scale. These restrictions are further aggravated by the negative impact of the local coal industry. Municipalities around Knurów are coping well with attracting new investors. The metaphor of slippery areas may in this case be complemented with "slippery on detour".
Trans-industrialism as a response to postindustrialism dilemmas
A key problem presented in this paper is the definitional dissonance regarding the question whether the term "postindustrial" can be used to describe a region in which there simultaneously appear processes of re-industrialisation (Gliwice) and of the stabilisation of traditional industries (Knurów). From the perspective of the activated mechanisms of de-industrialisation of the so-called traditional industries, the answer is certainly positive. The changes in this regard generally follow a one-way trajectory; after all, even if coal mining continues in Knurów, the coke plant based on coal has been closed down. Assuming that the end of the trajectory is determined by complete de-industrialisation (understood as the closure of former industrial plants), then the question emerges of "When the end will take place?". We do not know the answer to that. What we do know, however, is that the Katowice region does not fully follow the scenario described by Phelps and Ozawa (2003, p. 586) , who set the end of the late-industrial stage at the end of the twentieth century.
Instead, what we observe is a spatial structure characterised by a marked lack of internal balance of development. According to Gwosdz (2012) , who analysed the characteristic features of the economic base and employment in the towns of the Katowice conurbation, only six towns -Będzin, Chorzów, Gliwice, Katowice, and Sosnowiec -can be described as post-industrial. The problem is that even in this group, the role of industry and re-industrialisation is quite significant, as demonstrated by the example of Gliwice. Also, as other research shows (Gwosdz, Sobala-Gwosdz, 2012 , p. 500), 45% of the employed in the towns of the conurbation work in the sectors of mining industry and industrial production.
The problems with definition become even more important when we attempt to determine precisely the process of industrialisation. Therefore, the question is whether reindustrialisation occurs when:
• new industrial plants appear in general, including plants based on advanced technologies;
• the economic potential of new industrial plants begins to dominate over the still existing (at the time of analysis) plants representing the so-called traditional industries; and
• the economic potential connected with new investments begins to dominate over the lost economic potential linked to the closed-down industrial plants representing the so-called old industries (i.e. Tkocz, 2001; Martin and Sunley, 2006; Trippl and Otto, 2009 ).
Finally, a reference should be made to the spatial redistribution of the re-industrialisation phenomenon. The metaphor of Markusen, "sticky places in slippery areas", that well reflects the reality of the region, significantly breaks apart the previously uniform and consistent mining and industrial region. Dualism in development is deepened with every decade, visibly transforming the hitherto industrial region consisting of dozens of medium-sized and large industrial centres into a network of cities with limited linkages in terms of industry (with the exception of the automotive industry).
As the argument to date suggests, the problems with defining post-industrialism in the Katowice conurbation are caused by our lack of knowledge (at this given moment) about the possibilities of future development of the industry in a given region. Is the development of the process of reindustrialisation at its highest point? Or is it only a stage in its development? A completely new perspective on the process of re-industrialisation has been proposed by Martinát et al. (2014) , who use Karviná, a town in the Ostrava region, to argue that re-industrialisation may be based even on traditional industries (the mining industry in Karviná).
The problem of post-industrialism should also be approached from other two sides. The first one is the purely empirical perspective. In this case, a post-industrial region is one where there can be observed a decrease in the number of workers employed in industries and a decline in the proportion of workers employed in industries in relation to those employed in general or in services. This is an irrefutable argument for treating a region as post-industrial, particularly when both tendencies become more significant.
Firstly, a lot of companies classified as service companies work exclusive for industry and in industrial plants. While outsourcing concerns both production facilities and offices, it is included within the service sector in employment statistics. Before the early 1990s, in postsocialist countries these groups of employees were the workers of given industrial plants. For example, in 2001 , in the largest steelworks in the Katowice region, 'Huta Katowice' in Dąbrowa Górnicza, there were employed approximately 5.2 thousand workers, and over 7 thousand worked in subsidiary companies and businesses producing for the steelworks. Many of the companies were classified as services. At the same time, it should be pointed out that in 1996 in Huta Katowice there were 20.3 thousand employees and there was no division into the two groups of workers. Therefore, the actual decrease in the number of employees due to the restructuring of Huta Katowice shows that part of the workers changed the sector of the economy without changing the work place.
Second, another problem is the question of strongly developed endogenous services (the employed in the region provide services for the inhabitants of the region). These services are not city-forming factors, and therefore form a secondary sector in relation to exogenous services (the employed in the region provide services for those living outside the region) and industry. The quantity and quality of exogenous services are revealed by the low level of employment in exogenous services and industries, as well as by the overall demographic potential. The latter is a crucial issue in the Katowice conurbation . Examining closely the structure of employment in the towns of the Katowice conurbation, we note that the predominance of those employed in services is, to a large extent, an effect of the high proportion of workers employed in endogenous services. It is particularly visible in shrinking towns and in towns defined as post-industrial .
Taking into account the evolution of the economic base of the Katowice conurbation as discussed above, we cannot offer an adequate and uncontroversial definition of the region's present economic development. The definitional dissonance is a result of, among other factors, the following issues:
• the diverse stages of the process of de-industrialisation of the so-called old industries;
• the uneven character of the process of re-industrialisation; and
• the partly overestimated real role of services.
The "post-industrial region" is a very ambiguous term, especially as defined by Phelps and Ozawa (2003) , who appropriated Hall's (1997) concept of post-industrial agglomeration. Kuciński (2008) and Gwosdz (2012) have recently questioned this definition; as Kuciński (2008, p. 165) writes: "The fact that the industrial function has disappeared or is disappearing in a given town does not have to mean that it is connected with a shift in economy from the industrial to the post-industrial stage." In turn, Gwosdz (2012) has proposed to describe the Katowice conurbation as a lateindustrial region. Indeed, this claim may be supported by the great number of towns in the Katowice conurbation whose economy is based on the so-called traditional industries. At the same time, however, this description does not fully reflect the economic status of those towns where traditional industries have been closed down or have been significantly restructured and have been replaced by new industries, as has been the case in, for example, Gliwice or Tychy.
It is also difficult to describe the Katowice conurbation as a (late-)industrial region, if only because of the significant role of services. Undoubtedly, as has been shown, some towns in the regions are (late-)industrial. Thus, in order to contribute to the discussion on the nature of the functional transformations of such regions as the Katowice conurbation, we propose to describe the region as transindustrial (Fig. 4) . Currently, the term is employed in two ways. In a wider sense, it is related to the character of the social change in the world caused by the role of industry as one of the quantifiers of overall social development in the history of civilisation (Kassiola, 1990) . More narrowly, it has been used to explain specific organisational connections in the media market (Meehan, 2005) .
In this situation, we would like to draw attention to the process-oriented value of the term in the functional approach -in direct relation to such terms as industrialism, post-industrialism, or re-industrialism. The meaning of this term may also be manifested in the fact that:
• it represents an alternative to the terms late-industrial or post-industrial, especially when the definition of these two stages is questionable;
• it emphasizes the continuity and sustainability of industrial development in the region -a sustainability, which, contrary to stereotypical assumptions, is characterized by the variability of key industries in the region;
• it underlines the fact that neighbouring towns can simultaneously function at very different stages of functional evolution in relation to the development of industry;
• it presents re-industrialisation as an alternative to the deindustrializing path of functional transformations; and
• it finds a place in the general trajectory of transformations for such objects as the fossil-fuel power station "Łagisza" in Będzin which, on the one hand, belongs to the traditional industries in the region and, on the other, after modernisation and extension, is one of the most technologically advanced facilities of this type in Europe.
Above all, "trans-industrialism" departs from the sharp division into stages proposed by Phelps and Ozawa which, in complex settlement systems like polycentric agglomerations or conurbations, can lead to some inconsistencies. Importantly, it suggests that we should see the transformations as a whole in which Phelps and Ozawa's taxonomy, as well as the phenomena of de-industrialisation and re-industrialisation, are included (Fig. 4) .
What is a trans-industrial region? It is a defined region (administrative, economic, urban) which includes towns and settlements at various stages of industrialisation, starting from proto-industrialism and ending with postindustrialism, and in which there appear theoretically opposing trends in economic transformations, such as deindustrialisation and re-industrialisation.
Discussion
The above definition of trans-industrialism begs the question of whether the term is not tantamount to industrialism, where the latter is understood as the development of industry in general. It is definitely not. Transindustrialism is a much more narrow term. If industrialism points to the overall processes connected to the development of industry in general, trans-industrialism emphasises a specific moment of the development -the here and now. The development includes also the quite diverse evolution of industrial functions in individual towns in the region.
Of course, the term "here and now" is not clear and needs to be clarified. The first issue to be resolved is the issue of the region. Theoretically, the area having the same boundaries at the time of research as in the defined past should be subject to analysis. A barrier to such a depiction of delimitation is the fact that some cities, once they have lost industrial functions and become centres of service industries, "alienate" themselves with respect to the industrial region, with which they were identified even 15 or 20 years before. This process is not dynamic, but noticeable, especially in areas where the industrial region is experiencing an enhanced crisis, and the examined city with services is developing based on the new functions. Changes of administrative boundaries are also problematic, as well as the social and economic delimitations introduced due to various needs. In the Katowice conurbation, administrative changes took place in 1999. Since the 1990s, at least a dozen delimitation projects for the region have been developed.
The time aspect is even more difficult to define. Unless we are able to determine the upper dividing line -the present at the time of research, it is more difficult to determine the lower line of division. In Poland and the CEE countries, the period 1989-1990 might be helpful since it refers to the time of the collapse of the socialist system. A more "fluid" nature of the lower dividing line will be in countries where there was a continuity of the capitalist economy. Referring back to the upper dividing line -the present, however, it should be considered to what point of time we are able to extend the period of study. While for the Katowice conurbation, the period 1990-2015 does not raise any doubts, would it be the same for the period 1990-2030?
The term "trans-industrial" has been proposed as a point of departure for a discussion about the spatial and temporal heterogeneity of economic processes and phenomena, and about the formation of town functions. It is proposed as an answer to the restrictions imposed by the currently used terms and definitions, in particular by the term "postindustrial region". This seemingly fairly simple idea is followed by a number of methodological challenges. They mainly concern the ways to assess the role of industry in the regional economy. The methodology in this regard is diverse and significantly complex, starting from simple participation rates of employees in the industry relative to the total number of employees, and ending at fairly complicated procedures, integrating factors of employment, investment, GDP or the number of large enterprises. All of these attributes may be considered both in terms of traditional industries and also new industrial plants. Although there are a number of comparison tools, an undoubted challenge is their clarification. One should assume, however, that getting unanimity on this issue is not going to be easy -even more so due to the fact that a thorough analysis of the issue will also be required for the services sector, the functioning of which is not always possible to be compared simply with the industrial sector.
Despite these undoubtedly objective limitations to the application of the trans-industrialism concept, the authors are convinced that undertaking further studies in this matter, both in terms of methodology, case studies and further theoretical explanations, is worthwhile.
Conclusions
The functional transformations in Central European urban regions whose economy has been until recently based mostly on mining and traditional industries, are very diverse. They depend on many factors, the most important of which are the relocation of industry in Europe; GDP; the spatial form of an urban region (conurbation, polycentric agglomeration, monocentric agglomeration), or regional factors, such as labour market, transportation network and economic policy. In this article, however, we have attempted to explain these determinants and their influence on the functional identity of a region.
With respect to the Katowice conurbation -the largest urban region of this type in Central-Eastern Europethe authors have demonstrated the difficulties involved in defining it in terms of literal post-industrialism. The difficulties are caused by, on the one hand, the interaction between the actual de-industrialisation of the region and the marked signs of its re-industrialisation, and, on the other, by the limited range, at least with respect to demographic potential, of the replacement of industries by exogenous services, particularly by those which could create a functional alternative in the future. Additionally, these are accompanied by the process of de-industrialisation and the shrinkage of some of towns in the conurbation.
The problems with offering an unequivocal definition of the changing functions of the Katowice conurbation have led us to propose the term "trans-industrial" to describe the region. This allows us to uphold a dynamic approach to the changes and to evade answering the question whether the region should be defined in line with the Phelps and Ozawa taxonomy as post-industrial or late-industrial. The proposal to define the region as trans-industrial does not mean that we should stop evaluating and analysing industrialism and post-industrialism in the specific towns of the conurbation. On the basis of the trajectory of the transformations of functions in "model" towns, it is advisable to anticipate changes in functionally complex towns. The importance of the challenge follows the original assumption that urban regions, such as conurbations, are, in fact, strongly integrated urban systems. The problems of one town "spread" to the neighbouring towns. In the Katowice conurbation, it is clearly visible in the directions and intensity of commuting to work. Despite some differences, the Katowice region may be a point of reference for other East Central European urban regions described as post-industrial, such as the Ostrava and Rybnik regions.
